
Appendix

Equations and Parameters for Model Simulations

Ca2+ Subspace Model
in Zhang et al., Biophys. J. 84(5):2852–2870 (Figs. 2, 5, 8, 10)

Units:
Conductances pS
Currents fA
Ca concentrations µM
Time ms
Capacitance fF

Differential Equations (deterministic):

Cm
dv

dt
= −ICa − IKv − IKATP − IKCa − ILeak (1)

dn

dt
=

n∞(v)− n

τn

(2)

dc

dt
= fCYT (−αICa − JPMCA − JSERCA + JX) (3)

dcER

dt
= fER

(
VCYT

VER

JSERCA − JRELEASE

)
(4)

dcSS

dt
= fSS

(
VER

VSS

JRELEASE − VCYT

VSS

JX

)
(5)

Initial Conditions:
Fig. 2 Fig. 5 Fig. 8 Fig. 10

V −69.3 −54.19 −35.49 −21.366
n 6.12e-5 9.123e-4 0.02481 0.14168
c 0.002835 0.03116 0.05836 0.0516
cER 14.2 217.2 214.8 193.02
cSS 0.0255 0.3783 0.1394 0.1569
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Ionic Currents:

ICa = gCam∞(v)(v − vCa) (6)

IKCa = gKCaω(v − vK) (7)

IKATP = gKATP(v − vK) (8)

IKv = gKn(v − vK) (9)

ILeak = gLeak(v − vLeak) (10)

where:

n∞(v) =
1

1 + exp((vn − v)/sn)
(11)

m∞(v) =
1

1 + exp((vm − v)/sm)
(12)

ω(cSS) =
cq
SS

cq
SS + Kq

d

(13)

Parameters:
(bold denotes changes from model in Fig. 8, Goforth et al, J. Gen. Physiol.
120:307–322, 2002, or preceding figure.)

for IKv:
gKv 2500
vK −70
vn −15
sn 5.6
τn 10.8

for ICa:
Figs. 2, 5, 10 Fig. 8A Fig. 8B Fig. 8C

gCa 1450 1500 1400 1050
vCa 30 30 30 30
vm -13 -13 -13 -13
sm 8 8 8 8
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for IKCa:
gKCa 1200
Kd 0.7
q 8

for ILeak:
gLeak 14
vLeak −30

for IKATP:
Fig. 2A Fig. 2B Fig. 5 Fig. 8 Fig. 10

gKATP 1000 → 55 1000 → 62 55 42 60

Calcium fluxes: (µM ms−1)

JPMCA = kPMCA c (14)

JSERCA = kSERCA c (15)

JRELEASE = pER (cER − cSS) (16)

JX = pX (cSS − c) (17)

with rates: (ms−1)
Fig. 2 Fig. 5 Fig. 8 Fig. 10

pX 0.025 0.025 0.025 0.025
pER 0.001 0.001 0.001 0.001
kPMCA 0.2 0.18 0.2 0.2
kSERCA 0.2 0.2 0.2 0.2

and buffer parameters∗:
fCYT 0.01
fER 0.005
fSS 0.04
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∗(dimensionless fraction of calcium that is free in each compartment)

Volume ratios:

VER

VSS

= 0.1 (18)

VCYT

VSS

= 2.5 (19)

VCYT

VER

= 25.0 (20)

VSS

VCYT

= 0.4 (21)

Miscellaneous:

Unit Conversion for ICa (converts fA to µM ms−1 ):

α =
1

2FVCYT

= 4.5× 10−6µM fA−1 ms−1

Here 2 is the valence of calcium; F is Faraday’s constant; and VCYT is the
volume of the cytosol.
Capacitance: Cm = 5300

Output function to report the free cytosolic Ca2+ that would be reported by
fura imaging:

cAVG =
VSScSS + VCYTc

VSS + VCYT

Noise:

For simulations including channel noise (Figs. 8, 10), IKATP is redefined as

IKATP = ḡKATPs(V − VK)
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where s satisfies the stochastic differential equation (SDE):

ds = [α(1− s)− βs]dt + σdW

(Note: −β is erroneously given as +β in Eq. 8 of the paper)
and

σ = {[α(1− s) + βs] / [τNKATP]}1/2

with parameters α = 1 msec−1, τ = 100 msec, NKATP = 500, and β chosen
such that the deterministic steady state,

α

α + β
= 0.14

in Fig. 8 and 0.20 in Fig. 10.
Combined with gKATP = 300 pS, this makes the mean values of gKATP = 42
or 60 pS, as stated in the table for IKATP above.

Dynamic Clamping (Fig. 10):

Dynamic clamp current, IClamp, is added to the V equation and defined as
follows:

IClamp = Gmaxz(V − 100) (22)

dz

dt
= K(z∞(V )− z) (23)

z∞(v) =
1

1 + exp((−30− v)/7.5)
(24)

where Gmax = 0.01 nS; K = 2 sec−1; and current is turned on at t = 20 sec.
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